I. INTRODUCTION:
A large number of applications in today's modern world requires internet connectivity. The connectivity is of two types i.e. wired and wireless. There are many advantages in wireless connection such as mobility and accessibility at any place. Wi-Fi signal is one of the most used wireless connectivity [1] [2] . Wi-Fi signal is almost present at all places due to its applications. In this modern life, every person uses a mobile phone which definitely requires a Wi-Fi signal for connectivity. The performance of Wi-Fi signal greatly depends on the signal strength. The signal strength determines the data rate. Wi-Fi signal strength is affected by several factors like clutter, interference of other Wi-Fi signal and ground reflected signal. People and vehicles with Wi-Fi enabled devices move from one place to another so there arises the dependency of WiFi signal strength on speed. Additionally, in the moving vehicles, we observe that signals from the cellular base station vary quite considerably. It leads to the packet drop and the seamless wireless connectivity is not established. The data rate decreases with increase of the speed of the vehicle.
In [3] , walking direction is estimated using a device-free method, however, the speed with which it is moving in that direction is not estimated. The detection of vehicle and the estimation of speed is presented in [4] . The speed is determined with signal strength variance using a multi-class SVM based approach. However, the pattern of the variance with increasing or decreasing speed is not reflected in our environmental settings. The channel state information based approach is proposed in [5] . The CSI based methods requires Wi-Fi network interface cards (NIC) or 802.11 a/g/n wireless connection. A correlation based method wherein two time-series signal strength data are matched is described in [6] .
In this paper, we compute the features of the signal that has specific pattern with increase of speed. In particular, time-domain features such as maximum, and minimum signal strengths and the coefficient of autocorrelation are computed. The coefficient of autocorrelation also provides the insight of greater and lower speeds. On the other hand, given the speed of the vehicles, the maximum and minimum signal strength within certain time interval is estimated. This provides us the insight about the data rate and hence the wireless connectivity. The Signal-to-Noise Ratio (SNR) may also be taken into account to provide the better estimate of wireless connectivity. The proposed method is suitable for either Wi-Fi or cellular environment. The method has a potential applications in a smart traffic monitoring, 3G/4G/5G networks and pedestrian tracking in an indoor settings. The complexity of the proposed algorithm for estimating the speed is lesser since the equation derived from the data is a linear one.
The rest of the paper is organized as follows: In Section II, time domain features for estimation of mobility is described. A detailed experimental analysis of received Wi-Fi signal strength with mobility is provided. Experimental setup, and experimental results are presented in Section III. The analysis is carried out by capturing the raw data of Wi-Fi signal through mobile phone by varying the speed. A brief conclusion and future work are briefed in Section IV.
II. METHODOLOGY FOR ESTIMATION OF MOBILITY:
In this section, first the definitions of time domain features [7] are presented. The time domain features are mean, variance, skewness, kurtosis, higher order moments, maximum, minimum and coefficient of autocorrelation as summarized in Table 1 . Subsequently, mathematical relationship between features and speed is described. A brief algorithmic description of the proposed algorithm is then followed. a. Mean: It defined as the average value of the Wi-Fi samples collected within certain time interval.
It is calculated by taking the sum of all the Wi-Fi data samples divided by total number of samples. Time-domain features are modelled as a linear plot with speed for extracting a trend. Since it involves approximation, it is necessary to know the extent of correctness of those models which is justified by the four mentioned Goodness of fit statistics which are as follows:
Sum Squared Error: It is the measure of deviation of the response from the fit. A value closer to 0 indicates that the model has a smaller random error component, and that the fit will be more useful for prediction. R-Squared: It measures how successfully the fit explaining the variation of the data, it is achieved by squaring the correlation between the response values and the predicted response values. Its value lies between 0 and 1, as the value goes closer to 1 means greater proportion of variance is counted and is desirable. Adjusted R-Squared: This statistic uses the above defined R-Squared value, and adjusts it based on the residual degrees of freedom. The residual degrees of freedom is defined as the difference between number of response values and the number of fitted coefficients estimated from the response values. Root Mean Square Error: It is an estimate of the standard deviation of random component in the data.
Coefficient of Autocorrelation:
Correlation is a statistical technique that depicts the similarity between two signals. Hence autocorrelation gives the similarity between the present signal samples and its time delayed samples. Correlation coefficient gives the interdependence of two set of data samples. The correlation coefficient decreases exponential as
= +
Where and x denote the correlation coefficient and lag respectively. a, b, c are the coefficient of the model. The algorithm for computation of features and subsequently speed is summarized as follows:
Algorithm 1: Speed Estimation using Time-Domain Features of Wi-Fi Signals

INITIALISATION:
Mobile phone with samples collecting software application and access point which provides the Wi-Fi signal are taken.
DATA COLLECTION:
The Wi-Fi samples are taken from the mobile phone for different sites, speeds are measured and raw data is modelled to compute the time domain features.
COMPUTATIONAL FEATURES:
Maximum and minimum signal strength, autocorrelation are computed.
ESTIMATION:
Time domain features like maximum signal strength, minimum signal strengths and the correlation coefficients are utilized to compute the speed.
OUTPUT: Speed of the receiver.
It may be noted that the mean is found to be constant with varying speed. The variance, skewness, kurtosis, higher order moments, and frequency domain features do not give any insight of the mobility.
III. PERFORMANCE EVALUATION:
In this section, real experimental setup and experimental results for mobility estimation using wifi signal is described in the ensuing section.
EXPERIMENTAL SETUP:
There are various apps like wifi analyser app, wifi data set app are taken into account to get Wi-Fi samples. However, these apps could not provide required number of samples for analysis. Therefore, the Wi-Fi samples are collected by using an app SensorApp developed by Prof. Niki Trigoni and her research group at Oxford University, United Kingdom. The device used for receiving the Wi-Fi signal strength is Le X526.The source of Wi-Fi signal used is hosted network created in Lenovo S-50 as shown in Fig. 1 .
In order to get various speeds, a robot is designed such that it moves with different speeds and holds mobile phone on it. Additionally, the readings are taken manually moving with different speeds in different direction towards the source kept at a distance as shown in the Fig. 1 . The experiments are conducted using real setup at Department of Electronics and Communication Engineering at Visvesvaraya National Institute of Technology, Nagpur. A person holding the mobile phone in his hand covered a distance of 30 m with five different speeds and the source is placed in the middle of the total distance covered. Many trials are taken to show the effectiveness of the proposed algorithm. The different speeds for which the samples are collected are 0.6 m/s, 1 m/s, 1.42 m/s, 2 m/s, 3 m/s and 3.75 m/s. It may be noted that, speed in order of Kmph using fast moving vehicles may be considered. In that scenario, cellular base station may be taken as the transmitter, while, the mobile phone is considered as the receiver. 
EXPERIMENTAL RESULTS:
The features considered in this work are time domain features of Wi-Fi signal with different speeds. Wi-Fi can be analysed through its signal strength. It is fascinating to know how Wi-Fi signal strength varies with different speeds.
A. Time domain features:
Mean: Since we are working with the large set of Wi-Fi signal samples, mean is the best way to represent this data samples with single value. The experiments that are conducted shows that mean of different set of samples is nearly constant with various speeds considered, as expected. This is illustrated from the results obtained in two sites as shown in 
Maximum and Minimum Signal Strength:
In order to have a good idea about the data rate, it is necessary to know about the maximum and minimum signal strength. As different speeds are taken into account, maximum and minimum signal strength play an important role in improving the range of the signal as shown in Fig. 3 and When the speed of Wi-Fi signal receiver increases maximum signal strength decreases and minimum signal strength increases. The above results depict that when a person is moving slowly, signal strength will be maximum hence data rate is high and vice versa. Mathematical analysis of the above data shows that the signal strength varies linearly with different range of speeds which is described in Section II.
Autocorrelation:
It is used to measure the similarities between present samples and past samples obtained in Fig. 5 It provides the insight about the degree of randomness of the signal. If the signal is not random and follows a pattern then it can be represented mathematically as expressed in Section II and its features can be analysed. From the above graph we can conclude that with increase in speed ( 1 < 2 < 3 < 4 < 5 ), randomness in Wi-Fi signal also increases.
Testing Phase:
We calculate the speed from the equations of maximum and minimum signal strengths time domain features. Considering the maximum signal strength feature equations for two sites, the speed can be expressed as Root Mean Square Error (RMSE) for maximum signal strength are 0.473 and 0.445 for site 1 and site 2 respectively. Similarly, RMSE for minimum signal strength are 1.516 and 1.549 for site 1 and site 2 respectively. RMSE of the speed from minimum signal strength equation is greater than that of the maximum signal strength because the noise is more when the receiver move away from the access point. Hence, the maximum signal strength time domain feature outperforms the minimum signal strength time domain feature.
IV.
CONCLUSION AND FUTURE WORK:
The average Wi-Fi signal strength that can be received by the receiver moving throughout the range of access point at any particular speed is found to be nearly constant. As the Wi-Fi signal receiver's speed increases, the peak value of the signal strength received from the source decreases. Hence, the maximum data rate will be less for higher speed. It is possible to predict the mobility of the Wi-Fi signal receiver by knowing the signal strengths received by it within a certain time interval. We can also get insight about greater or lesser speed based on the coefficient of autocorrelation. The complexity of the algorithm in training phase is quadratic, at the same time, complexity involves for speed estimation during testing phase is linear and consequently suitable for real-time applications. Thus, the proposed method is cost-efficient and having low complexity with reasonable accuracy.
Estimation of varying speed of the receiver with limited number of samples (time domain features) in a multi-access points scenario is currently being investigated. The Signal-to-Noise Ratio (SNR) will also be taken into account for the estimation of features and hence, the reliable estimation of varying speed. The parameters of the models may be estimated on the fly for the robust estimation of the mobility in a highly time-varying channel.
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